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| A THEORETICAL INVESTIGATION OF THE
POINT SOURCE-SINK ENVELOPE IN THREE DIMENSIONS.

~

Swmary.

An ar‘oitrary atraaml ins rom represented by a

T ‘é'l--_'?solid or revolut* on was ohoson.. The approximate theoret-
'y;-;ajflxeal sdurce-sink combination was determined from the solu-

.ttion ef thirtaon linear oquations‘ ‘I'he velocity pressures
'.ffduo to this source sink comdination were computed. The
. ""resulting prosaure, distributicn oyrve is of the form expacted

by cxperimexﬂg)yx % near the bow and stern vhere the undue
: ' influence of the‘mo;rby points makes the values un:oellable. .
|- e _' It 1s. eviaenu.' tneraroro, that tho method and equations ere ,
i : i erect but tc_. -a!sg. gork larg er numher of sources and
'.H.Q;hks sbould be determined. Unaouhtedly the method of line

¢ sources and sinks used 'by..von‘Kgrmn gives the more reliahle

(' ) _results for the same numb'erjfoi’ equations.
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In 1912, G, Fuhrmann (reférence 1) undertook the
theoret!ral sfﬁdy}pf flow about & balloon riodel in three

dimensions. He ohose certain sourse-sink combinations

 that would gite=a'5Qpération surfece in a uniform stream

' ;similar in. shape ta a Zeppelin. From these sourges and

uinks =e then determined the ‘resulting streamline form and

' computed the pressura distribution. 4 solid of revolu-
““tion, coinoiding with this streamline form was then con-
Tatructed and the ¢zperimental prebeure distribution curves
- 'compmd very ‘taverably with the theoretically derived
et m“‘é

In 192?. vcn K&mman (rererence 8) undertoak the

qf;;inx&rse problem. He aaswmud the separation surface of &

palin as. an. arbitraxy sfreamline form, and comprted

ﬁ_the strangth an@ distribnt;on or the line soarcas and sinka
'.'_roqu:.rad to produca this form in 2 unifprm flow. He &ivi-
‘ 40& the Zeppelin into £wo parts whioh he called "half bod-
: f13B" and treateﬁ eadh haLr separately. . Thus neither half
'“formed a olosed cuth” Ke rirst found the 'sources neses-
 7'aar: no produga tne ferwara na;r or the snip in a unirorm.
'ijflow. ahd next round tha sinks required Yo produce the
't?after halr Ln the aame unirqrm ‘stream. He then Joined

the two halves togethor with certain sirplifying assump=-

"tions and thus obtained a fairly aimyle determination of
8- aaaroe-si k dictribution that weculd approximate the
 roqn1red formo




_In 1929, Dr. R. H. Smith nade an investigation
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of '(‘he senz*ee«-sink emlope approximating the U.S, Navy
No.s 2 Strut (reference B} " He tsed thirteen peirts to

15 ' ﬁetomine e stmmlim form aud sot up the flux cqua-

t;.ons ‘ar thirteen pestulated ‘sources and sinks that

A ‘ | would gi're the requirod aeyaration surface in a uniform
" nov. “Binoe’ na strut had a pJ.am ef symmetry parallel
T to ‘&ts l&pgﬁx the problom ms reduoed to one of two ;

e ._;I,-;.'a;mnsins ‘gg a.amiug une soureaa and. sinks ruzming

"-.

taineﬁ m:m tht same atreamline rormg

s A. Dr.,‘&nith#s suggeeticn, I undartook the same
R type of irbatment:in three dimensions. It was desired
R ‘Jer detnrmne tho swce-sink oombznation ‘required w
i B 3 ptocuaa an arui't‘rary "sthole bod.y" in a uniform flol,'
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..‘mram 4)' 'I‘itins \ = + 32

An arbitrary streamline Torm representiné~a

; sol&u of revolutien wes chosen, (figure ).

The coordlnates ara as follows.
X s > x Y
e e 8 17,696 7,318
Casr 2002 9 22.120 '_*s.ese'"’_
1.75 3404 10 35454§ | B.6%4
B AT 5@376,;  . .~xl~ﬁﬁse.957 :.4,;sg”a'

AB.272  7.680

The'autward rlow velocity due te a - souroe ot

: f,ﬂstrength Q at a radical d¢ﬂtance r is, ‘"eferehoe (4)

Vrgm a

f The rlux or flow thra a givan area is by deri--
anition thﬁ surface integral or the velooity vaotcr

qvelr. tha,t..area‘lor r}.uz )V coq(v n) da
2T | (2)

: !he flow rram a simple sourco thrn a oircle passing
. thru a point P lying to the right of the source 13,'

2

<4 e

RPN AN e B
F 5'8‘9 : . 70022 ) 13 ’ MQG& 11,824 "
B8 7,506 14 B30 0 L.l




and substituglng in (2)
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The total flux 13, taemfora

Frfef - 20-8) L. 'fm

The g'mu-al equation or a streamline is |

!.

.,F = constant .or =
Q_( 1—~

. s ' ‘I’he gemral equation or tha envel\m 15

9~(* ey feonst = Q-

B
!
!

hc ﬂux due 'tc a parallel a'croam o strength |
Uo rlowing fron left to nght ’thm the ‘same ume» E
is ﬁom (2) ' | ‘

Jellmys Foee= €
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|- " N The rlux is derined by Stokes as egual to 27‘”
1 : : .
| ’ ' ;more SU is »he s’cream ‘function, Eg.,('?) then beconmes
! ~: | 'for "he envslopo. : ~ - :

Bo s

- l// ””"a“" m ( o 12
b LT * The total strean function at the point P due to
' S tho oontribuuona of many socurces and sinks on the
X*axia, and tw unirorm streum U flowing from left

1 - to rieh’c 1n tne poaitive direction of X is,

LJ__#__ Z Q ( t +Cos er) O
_ i simple substitution shows that equation (9) sat-
' isfias I;.s. Plaee's aaqu&tion v? Y=
1n Gyiindzical eoorﬂinaces, viz:

. e

E\ S ; f‘ : .

" h ] ’ - -.ﬁ. 1 i 1

dhns 40T 0
’ 'i‘s"‘ne 66:‘&1%10:::,: c'lcs'&:_e',g.‘.,eo the condition that

lﬂl\tﬂ sh&‘ll not be emated or destroyed within {he streaum-

linu tem\ gun,

! ' Z QK o l(ll)

g . !
(a | .
3 . .
f . .
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Eguation {9) becwnes ' ;'

Z Q«(""ﬂos Ove) = ZfTU L(f

or expressing the summation in terms of the infdividual

éouroes and sinks, where a source anll a corresponding

point on the surface have ths same X cocrdinate, (see

ftig. 1), we have

Q,(1+cos 0.+ Q (1+C05 ) ++++ {1+ cos6,) =27TU,‘3:,”
z

for the point Yy auq similarly
Q'LH-COSG, ’O(1+cos@,_)+~--+G,\(!+cosonz) MU,

T e o . w . @)

Q. L +::os 6n) ¥ ,QIZ(H- CoS 0)*+ * + Qu(1 +Cos G,R):szUog,f

and from equation (11), .
]
Q|+QK+QS+ 00:'1-0“ :O (”)
The constants of the lipeasr system of equations

obtained when the}ooordinates ¢ the given streamline

 form are substituted in the abeve equations are shown,

reduced from sever to four decimal places, in Tadble 1.
For convenisnce, i'o is taken equal to unity. T™irteen

points are chosen to determine the sirsamline form.,

The first twelve poin¥s give twelve equatione of the
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wre (93 with thirteen unknown Q's. The thirtesath
poivt loeatea .the pasition of the thirteenth scirge
ar Sinko~ ?ha reanired thirteenth equation is veu

by‘equation 631). : ur accuraoy, all constants rere
aarried to- Bovan ﬁnuimal places thruout,

Sctting np the equations is Jong and tedious,
but ﬂney oan be accurately cheched, Since in comput-
1ng the vnlqoitiea it s necessary to find the radius

:'vectors ‘}p tram tho K™ gource to the PR point

b2l

o -.'-antﬁﬁ:g;'-f_"g;g_'_ﬁr kim! 18 fatal. It was found adv?-able

] "fto carry'thra two complete sets of equations, u.. ng

and also the sin exp and the cos ka the following
praeodure Was usad. First tar Oxp was found “ron

T Y e ey
 ¥?1¥“’ ‘

ﬂﬂ_e_uz . .

"~ By agonrgoy 15 1mperativa, thls chec¢k 18 necessary.

e
A

In selving the equations, every precaution pos-

: :faibla muat bﬂ taken againet making errors, as & single

- —

en‘ a8 a ohsb& asainst the other. The only edd.ticmal
timo raqnired 18 theat of actually reoopying the equa-
tions an{ it 13 vsIl #pent, These precautions are

i

neaeasar" oinsa thare is no cheok on the acecuracy of
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the work until the finsl substitution of values into the
original equations some veeks later,
“TBa solutiorn of tie equations represented in Table I

give the following valucs of Qi

Qq = =112.2466 Qg = ~B343,4136
Qe = 292.6761 Qg = 2586047
Q3 B ~543.7600 Qo = ~366,0412
Qg = 7234240 Qu = 474.4820
Qg = 137.7586 Qg - -758,9619
Qs = —406,.8337 U3 = 368.87054
Qp = 275.4268 Sum z - 0025

 These values che¢! accurately to five places and
are iess than three pcliris off in the sixth significant
figure, TFigure 2 repres.ats graphioally the distribution
and the relative strengt.3 of the sources and sinks. By
definition a positive @ i3 a source and a negative one a
sinkQ ie have then a d1ictribution of seven sources and
aix sinks, IV is rather suryrising and not in ac -rdance
with accepteditheory to £ d & sink at the nose and a
source at the tail of the streamline form, However, it is
to .be noticed that & largt source immediately follows the
sink at the béw and a lar,o sink immediately precedes the

~ource at the stern., It :eemg rea_onablc to belisve that

because cf the bluntness “f the nose of the ship a sink




vt

is necessary to bead the streamlines into the required
bourdary form. B
The velocity components at any point P, due to a

given strsam function are, from elementary theory, (ref-

Y

W = velocity in X directian = 'j 3‘3 (12)

erences 4 & 5).

| | 1 '
_V = veloeity in Y direction = "'8‘ %‘)v({‘ (13)

and hence from equation (9)

ri 5 Qucos Ou

Wp = U, i yi (14)

QK Sln GK;-‘ | .
T ' .

the resultant velocity is

= \[L{“Pz + Voo | (16)

and the resultant pressure at P is (reference 3)
(I - 3P ) (17)

where P, is the dyna.mio pressure %P U of tie
parallel stream whon brought to rest, and Fp is in

terms of Fp as a unit,




It can be seen from equations (14) and (15), that the j
velocity componants depen) upon the inverse square of the

radius vaector iﬁifead_of she first power as foi twg dimen=-

éions. This means that one souros nearby will have much

more influaence upon'thé velocity at a point thar many suoh

sources at a considerable distance. Consequently, we rmust

have more sources and sinks to cbtain &n accurate pressure
&isfributipn cuwrve than in the obrreqponding problenm in

two dimeusions. . - |

Table 11 gives the values Up, qp, and pp for the

points cuoaan.on the arbitrary streamline form,

The. values of the point pressuros Pp are shown plot-

' ted alpng ‘he. ax1s of the snlid.éevolution in Figure 3,

)

Beginn&ng vith the point 3 and extending to the point ¢ or

'Z.IO. the ourve‘is tairly smooth and of a contour which fits

well with experienoe. However, at points 1 and 12 the pres-

| ﬂ-_roa ara Tar from correot; ihe latter being —4.4 when it

should be a positive quantity. As pointed out before, this

‘result is beceause of the undue influence of the sources and
~ sinks which are very close to thess points. This is made
.,evén more oﬁphatic'rbr:the point (0,0). Here the theoret-

' .ical présauro should be + 1 due to the stream.LJ.alone, yet
..,.{ﬁhen:oqmputedfby formilee (14,.15, and 17);jPog - 76,5.

Teble 3 has been arranged to show the influence of

B T
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the verious sources and sinks upon the velocity components
at each point on the separation surrace, |

It seems, therefore, tnat to obtain a reliable pres-
sure distribution curve by the above method over a three N
dimensional streamline form, one s postulate a large
mumber of point sources and sinks. The amount of leSor

involved in ithe sclution of linear equations inereases .

.about as tne sqguars of the number of equations and soon

- becomes prohivitive, Probably s better plan is to use

distributed sources and sinks as employed by von Karman,

{reference 2).

He assumed liue sources and sinks of equal length

'-distriﬁdted along the axis of revolution of the solid

. streamline fdrmm The velodity oomponants becomse

- Sin 6 '2"5"1 69)
qiTu.é

Q_ (Cos@'- Cos 6’)
#iTay |

Wi

Vp =-

'whero 8y Y, 6 and O have the neanings shown in Figure 4,

Here the values of Up, Vp, and Leuce gp sre dependent upon
two radius vectors for each source or sink instesd of one

fhere the point source-vink'methoﬁ is used. It is evident

that tho 5reater number of radius veotors involvec will

31vu-a much smoother velocity distribntion ourve for the
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sars number of sources and sinks, that is, for the same
mumber of equations. |

As & test of the above assumptions and in order to
0bt§1n an experimental check on tlhe »ressure distribution
ourve, T intend to carry out an investigation of the line
source-siank comtination required to approximate the strean~-
line form of the ﬁ. Se Navy, C-class =irship hull, when
immefsed in a uniform flow, Since a larger number orf
equations seens desirable, 1t is intended to use not fewer
than sixteen, altho in zoing from thirteen to sixteen

equdtions the amount of computation involved is nearly

doubled. However, the C~class airship is of such perfoct

‘streamlinevform, and plays such an important part in

lighter than air‘sﬁip design that the project seéms to

be decidedly worthwhile.

C TS
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Government thereby incurs no respon:t ility, nor any obligaticn
whatsoever; and the fact that the Gove:nnent may have formulated, i
furnished, or in any way supplied the s: 4 drawings, specifications '
or other data is not to be regarded Ly iu plication or otherwise as
in any manner licensing the holder Or =::y other person or corpora-
tion, or conveying any rights or perm:..sion to manufacture, use or
sell any patented invention that may ia :ny way be related thereto,"
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"U.'S. Experimental Model Basin, Navy Yard, Waschington, D.C.
A THEORETICAL INVESTIGATION OF THE POINT SOURCE SINK
ENVELOPE IN THREE DIMENSIONS. 1930, 22p incl illus, tables.
Rept no, 271.
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